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mt MORPHOLOGICAL BEHAVIOR 

GENERALISED ÄCUTE 

In studies on ästrccytes carried oüt both in 
human .postmortem- material' .and*, in collaboration 
with Noell*,*- in the brains of oats» we found thaj; 
the type of transition from the normal oxygen 
supply of the tissue to the anoxia of death has a 
great influence on the postmortem behavior of 
the cells. The main finding was as follows: If 
death was preceded by a faypoxie phase lasting 
for a period of seconds to about 60 minutes, a 
disintegration pf astrpeytesj which Gajäl called 
ciasm ato dendro sis, developed immediately after 
death« If. the hypoxic phase tasted more than an 
houf^ the astrocytes maintained their form for a 
period of time alter death« 

In the following, equivalent studies on .gan- 
glion cells will he reported. They were per- 
formed on animal brains (.cats) as, well as on 
human' autopsy material« The findings in, the 
animal experiments will be described first, fol- 
io wed by those made in human material-« 

EXPERT MENTAl 
/. M'eib.it äs •'.'.. 

The brains of 55 full-grown cats were e:x* 
ämined« Bach animal w-fas given one exposure 
to oxygen deficiency in which it died=, The diifa? 
tion of the exposure varied from seconds to 
about 6 hours»; In 7 cats the oxygen -.upply to 
the brain was cut off inst-antanepusly by deeapi» 
cation. In 32 cats oxygen deficiency was pro- 
duced by lowering the barometric pressure (high 
altitude chamher); i,n all others, by exposing 
them to carbon monoxide of nitrogen mix- 
turess Afrer:_a generally rapid increase of hy- 
poxia, the animals were kept below the sub^ 
critical to critical levels for varying peri- 
ods of time with the effect that in the pro-? 
longed experiments the clinical picture wäcs 
very similar to that of agony« In some ani- 
mals from the experimental: series performed 
in, collaboration with-No-ell,, the intensity of 
the   oxygen   deficiency   was   controlled   elec 

"-> Xindeaberg, R., and W;K. NöeÜ, "The Effect of ;K/pöiia (In Vita) 
o~n> the Söstmcrtem Changes of the Asttocytes." (To be   published) 

THE GAHGLjOH CE^LS AFTER 

SÜ8Ä0IITE HYPOXlA 

troencephäiographicaiiy,.   as  'fepoWeJd""in*   the 
pertinent pajper» (n most animals the degree of 
oxygen deficiency was estimated wifh tSe help 
of the clinical picture äs described for tte cat 
in its various stages by Akmann ana Sc^huDOthe 
('!)•: The behavior of the coarse motor functions 
and  of respiration was of special importance« 
After reaching a certain degree of hyppxia,, the 
animal  showed strong, uncoordinated inotpf ex- 
citation which looked rather alarming« It jumped 
up,  reared? twisted, and fell back again as if 
pare tic.   In contrast with Its normal .habits ~f 
cleanliness,   the eat, seemed not to carte if  it 
was soiled with feces pr urine. It showed .pant- 
ing respiration, 150 to 200 breaths per minute. 
This   excitation  phase,,  which in view of the 
strong individual; variations in the animal's re- 
sistance might set in as low as 24,000 feet in 
iOne   animal; and äs high as 30,000 feet in an- 
other^ was succeeded by ä phase of motor iaac«? 
tivity   as   hypoxia  increased»   The  animal lay 
stretched out and seemed tö experience severe 
cloudin'g of consciousness.    Rapid respiration 
continued as a rule, although interrupted "by in» 
dividual   deep   breaths   with  succeeding   brie? 
pauses« Occasionally, the animal stood up once 
more for a few seconds, as if'in a state of de- 
lirium,  and collapsed again. From she clinical 
standpoint  this phase might be designated as 
subcritical.   When   the   hypoxia   was increased 
but little or kept constant fpr prolonged periods 
of time, this phase went ovejr into the critical 
phase, which was chafacteri^ed by a consider- 
able reductip    of the res;pi|äeöry race (10 to 20 
breaths per minute)« The anitnal lay completely 
quiet.  Occasionally, one could observe a fine 
trembling of some coarse twitches of one of the 
legs or of the mouth« These: sometimes devel- 
oped into a generalized epileptic attack which 
was   succeeded by fatal  respiratory paralysis. 
Yet, even without such an attack, the respira- 
tion,, as; in the case pf human agony, might be- 
come slower and; more superficial all the time, 
and in the end cease entirely. 
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After death the brains of ä few animals were 
roöiw to rcosi tssipcsSturej  softie ptuers  were 

*'*'jK 

*Ä"'-; 

most of them wejee Jfcjppt at 37° C. under the 
same conditions« At certain time intervals^ parts* 
of the bräin-in gjsnepal one-half hemisphere—, 
were excised and.fixed. Since after 12 hours in 
tk<« incubator putrefactive bacteria usually 
started to proliferate, some brains were kept in 
a body-warm saline solution to which spflse 
streptomycin and pgniCiiHn had been added» In 
this way it was possible to keep brain sections 
sterile in the incubator for as long as 72 hours,, 
For fixation the brain sections were placed in 
IG  perceöt4 neutral formalin for one day» Xher 

the  sections were washed, farther hardened, in 
9«   percent   alcohol,,   and  finally   embedded  in 
{Tanöäion in-toe usual «ays The ganglion ceils - 
were stained with cre^yl violet and thionine, 

lie  T'b-e equivalent picture 

In order to obtain a good equivalent picture, 
for the purpose of comparing the cell», ;he:brain 
of one cat was fixed in 10 percent neutral fpfV 
mäjin immediately after decapitation and ;then 
treated in the same way as the other brain sec- 
tions» To enable the reader himself to compare 
the observed cell changes with the equivalent 
picture, four of the numerous types cf ganglion 
cells are shown in figure 1, " 
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These include the large somätöchrome py- 
ramidal; •cell of the third ?nd» generally, fifth 
layer "of theTefebläl cWte~x~fti jure "1-aj. It has"'& 
centrally located light nucleus with, a" well- 
marked nueleolus and scanty linin structure. In 
the Cell body we find a clear arrangement of 
Nissl bodies near the nucleus and toward the 
base of the ce'llj where they are small and some- 
what irregular in form; in the periphery of the 
cell and i#. the .dendrites.,, |hey are large, elon- 
gated, and. in father parallel arrangement with 
ample unstained cytoplasm in between» Then, 
there are the mediuro^siEed and small pyramidal 
cells of the cortex, which also belong to the 
somatochrome type», The nuclei are in general 
only a .little smaller than those of the large 
cells,.Their position is mostly somewhat eccen- 
tric. The Nissl bodies are composed, on the 
whole,, of finer granules, especially in the vi<- 
cinity of the nucleus, and arranged more dense- 
ly. Toward the dendrites and, in particular, the 
apical dendrite, they are again elongated and 
separated farther from one another by unstained 
strands of protoplasm (figure lb). Another soma- 
tochrome type is represented by the cells of the 
thälaipüSj which, have.a relatively good arrange» 
meat of the Nissl bodies (figure lc% They are 
irregulär in form and are connected more like a 
net. They are again finer, in the vicinity of the 
nucleus and coarser toward the periphery of the 
cell. Most nuclei are large and light, haying ä 
weli-marked nueleolus. In contrast with these 
cells are the cells of the second cortical layer 
with their meager cell bodies* Their nuclei are 
most distinct. Therefore, Nissl (2, 3)'designates 
this cell type as karyochrome» The nuclei are 
somewhat smaller than those described above, 
some of them showing fine folds. The linin 
structure as generally more distinct, the nuele- 
olus relatively small. The meager cell body 
Contains but little, usually dustlike Nissl, sub- 
stance in the immediate vicinity of the nucleus, 
or in one of the narrow dendrites (figure   Id), 

llh  Findings 
Before the histological details are discussed, 

one observation that was made during the gross 
examination of the brains should be reported. 
The brains of those animals which had died 
within a lew minutes showed ä certain increase 
in volume; this was not the case in the animals 
that had been exposed to hy-poxia for hours« As 
a rule, the former felt firm, äs if stretched tight- 
ly;:   the latter  had  the  usual  medium   compact 
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consistency, When the brains .had been kepi in 
the„^g.alfneL.s^lujtiqn^for, MJ^MS.^nA2es?£J^:ih.&.^,. 
iojy^£jr^b,e,cäme.MC6atin4jou«l.y^ 
difficult to cut them in the unfixed state, w^iffe? 
out squashing them. The latter, however, were 
considerably 'more cö:mpa.c|^iad. Could, be cut- 
without difficulty,. Such so|tnes.s of the tissue 
is very similar tq the .consistency of fresh sof- 
tenings. This will be referrjeditQi-later, . 

The description of the histological M&dinga 
will be smarted with the changes found; in the 
decapitated animals whose brains had been ' 
kept at 37>r C. The first change could be ob- : 

served after about^$0 minutes* The larger gan- 
glion cells showecl a mild swelling of the cell 
body. The protoplasm surrounding, the nucleus 
became lighter. The Nissl substance, in this r 

section started to break up (tvgrol-ysis). The 
coarse Nissl granules were pressed toward the 
petiphery of the "cell body. Sometimes the nu- 
cleus was also displaced sideways. The nucleus 
may have been especially pafe or showed ia? 
tensified marking of the linin structure. Figures 
2a, b, and c show this alterätioa in the soma- 
tochrome cell types^demonstrated in figure I, In 
the small käryochfome "cell types, a similar 
swelling Could be found; usually, however, small 
circular transparencies of the protoplasm had 
already developed, surrounded by darker, s tained 
protoplasm (figure 2d)»-My the -term swelling we 
dp not mean Nissl's "acute •change in ganglion 
ceils" which Spieimeyer (£) called; acute swell- 
ing, and wliich was not observed in our material1} 
The sweling we are concfefned with is obvious* 
i'y another likewise acute .process which— 
to make a parallel with Spielaieyer^s simp1}* 
sbrinka;ge~wb term simple swelling. The reason 
for «•his designation is th%t, aside from the pic- 
tures öf simple swelling, w;e see simple 
shrinkage in some of the larger pyramidal cells 
or in the cells of small cortical sections,, 
Gildeä and Gobf'. C53 observed these pictures 
in their experiments, likewise very shortly 
after death» We found them Usually in.^the 
region of the gyral crests^ , Since iSehari-er 
(6) was able to produce, by local pressure^ such 
early pictures of shrinkage locally confiaed. ia 
the body-warm brain,, we are inclined, to assume 
that in our eases they were also caused, by 
pressure exerted when the brains were taken 
öütb in such a ease, changes or even lesions of 
the cell wäll obviously .developed jresuiting in 
loss of fluid and shrinkjage of the ceil«. With it^. 
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"Sample swelling" of somatochrome celt types öf n 
developed within 30 minutes . after .decapitation. The 
fisted 'tis*»» ho« eeen kept at 37° C. 

4: 

eat 
un« 

wall intact it would have absorbed more fluid, 
thus leading to the picture of simple swelling«) 

After 6 hours in the incubator, the bistjologi- 
cäl picture of a brain section had undergone 
considerable changes of ..different types» Two 
lirun types of changes were found which occur, 
more or less combined, in many cells. The one 
type demonstrated the onset of a homogenizing 
process. The Nissl substance» except for a few 
?ery small particles, had disintegrated; here and 
there dustlike remnants could be recognized« 
The cell body, generally still swollen, bad ac-> 
quired a fine-granular appearance, as if it-s 
protoplasm had coagulated^ It could stain dark 
or lights The nucleus could be distinctly visible 
or it could be  smaller arid dark-stained;  or it 
could have lost its membrane, so that its former 
«\rto:«-:- ,     IJ   u„   _*.„-;. :~.^A   ~-i..   u.v   -  'ii'-Li posniuii   couiu   uc   n.u^iuitu  only  By  «»   ngm. 
spot containing the nucleolus arid some parti- 
cles of the linin structure. Later stages of this 
change are demonstrated in figure 5b. As to the 
second type of changes, minute vaeuol.es devel- 
oped in the unstained protoplasm tracts between 
the Nissl bodies. These vacuol.es may have in- 
creased in size and, atter $ hours,, filled the 
entire cell body (figure 3a)o TJie nucleus be- 
came   small;, dark-stained,  angular,   and often 
did not show up well against the network of the 
cytoplasm. Both processes were cömjbined in. 
the large pyramidal cell shown in figure jW 
The swelling of the cell is distinctly visible. 
Such pictures were found quite often, e.g.,,, in 
the Purkinje cells öf the cerebellum» It was 
noticed that the incidence of either type of 
change varied greatly with the individual ani- 
mals. In one aiiioial, for instance, the vacuoiar 
alteration was predominant; in another, the ,h,o- 
mogenrzing process. We checked whether this 
might be due to different preparation of the ma- 
terial, tout found no positive evidence in this 
direction. The nutritive state of the cell at the 
instant of oxygen deprivation might possibly 
have some hearing in this respect. 

In blocks kepi unfixed in the incubator for 12 
hours, the described changes, were even more 
pronounced. The cells which had Undergone the 
homogenizing process had, as a rule, dark., 
shrunken nuclei; their, protoplasm shewed 
poorer and poorer response to staining (fig*. 
uire 4a). At. this- time,, obviously,, v4acuolps 
no longer developed in such ceils. The cells 
which had been subjected to severe vacupii- 
zatio.n    showed:   still    greater   changes»    They 

ft S V.V-.J 

i ^J. =^rt 

(r-.fC,.   _     

'  ' .,<c ' 



"s?w«»^*»^^r' ~—^SSSJWJ3^'^^«»^*-»^*«5*- 

«smegenlxotion and. vacuolixattpn of ganglion cells of 
«l-eot $;h»rs_ after decapitation. The unfixed tissue has 
bee« kept at J3?9 C.T . y.     ,v 

may have- aequrfelf an absolutely foamy struct 
ai|.%fSJ?i^&i^h-;:cas.e the cell Timits were no 
longer ctearjy^isi-bl.e tfijguFe*^4by„. The mem" 
bllanes of the vacuoles were eompö:sedof darfc- 
stäxaiiig; iprpto.plasja-ic..fr.ahe.culäe which formed 
a more or less dense network« in wihi-ch ifehe 
completely shrunken nucleus- could be rec- 
ojgnized; only  by  the  resistant nucleo.lus..      In: 
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some   of  the   cells   which   showed   both   homo» 
genization    and   peripheral   vacuolization,   ©he 
couldr—see-rthat—fhe7~va«-:uoles--co.n.tacted^.Aiui  
dilated th> pericellulär space (figure 4c)k The 
more solid part of the cell body often shrunk 
^figure. 4d). This likewise represents a "simple 
shrinkage" although of a ceil already greatly 
changed. In contrast to the early pictures of 
shrinkage, the Nissl structure in the cell was 
no longer visible» The protoplasm had in-general 
a granular appearance« A greater number oi the 
small pyramidal cells now showed pictures of 
shrinkage with winding apical dendrites« 

After a period of 12 hoursj the changes pro? 
ceeded   at a  slower rate than  before.   After 48 
hours,   the   picture   of  Spielmeyer's  "isehemic 
changes   in   ganglion   cells"   had developed  in 
most cells (figure 5a), A-s a rule, the nuclei were 
shrunken,,   often triangulär in shape. Theis out- 
lines   were   frequently rather indistinct. In a few 
cells the nucleus would be relatively intact;, in 
others it would be just about disintegrated. The 
protoplasm: was homogeneous and .pale and would 
show   either  signs of  the  previous  swelling or 
various  degrees of shrinkage. In the cell body, 
which' looked as if it were coagulated, one could' 
occasionally  recognize a few dustli'ke particles 

•af    the   former   Nissl   bodies   (figure   5-b')o   The 
Purkinje   cells   of   the   cerebellum   showed   the 
same changes (figure je). This picture presents 
very   clearly  the  beginning  regressive  changes 
in:  the  gl'i'al  nuclei,  which appeared about that 
time« The cells, which had shown strong vacuoli- 
zation  were disintegrated to a great extent. As 
ä  rüle;j one could find nothing but a dark  spot, 
the   remainder, of  the  nucleus  surrounded  by   a 
shadowy   remnant  pf  the   cell  body.  The   cells 
which had shown coagulatipn phenomena in the 
center  and  yaeuplization in the  periphery Were 
distinguished somewhat more clearly (figure 5d)0 

SöiiietiaieSj, one could see dark-stained particles 
in the periphery, which looked' like incipient in« 
cfustätionso In those parts of the cortex which, 
were  in direct contact with the surrounding sa? 
line   solution   weli-marked   'Uncrustatipns-"   of 
either   coarse-  or fine-granular   structure    were 
found,   especially in the  small  pyramidal  cells 
.(figures 6a and db\« — 

T£p to 72 hours, the number of cell shadows 
increased. The larger cells alone showed some 
response to staining», Tn the smaller ceils only 
the small dark nuclei could usually be recog- 
nized (figure 7')« The; regressive changes In'the 
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glia,  including even complete disintegration of oblongata,    showed  merely   a  swelling  even  as 
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-ri;iifire"n?i^^ sfaißed>^l?r;b^!n»rere 
tarded, when the brain was kept at 1§C C8 Only 'still   easily distinguished ^figure 8). Occasion- 
after .12' hours did the first signs of hömo.geni- ally,   the  nuclei ,we„re  displaced   eccentrically, 
zatiori   and väcüolization  appear«   At ä  storage and  the; branching point of the axonal dendrite, 
temperature of 32° £«* the difference in the rate which  was f^ee of Jtissj bodies» was expecialliy 
qi this process was correspondingly less. Pis- 
integration did not proceed at the same rate in, 
all cells« Some sömatochröme cell types in the 
deeper   brain  stein,  particularly  in the medulla 

well marked, Some pictures were very similar to 
the initial stage, of the retrograde cell change. 

At  a  storage temperature of 37°   Co  the  de? 
scribed changes developed, with little variations 
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.Furtjser deyejoped changes of ganglion cells within 12 hours after decapitation» 
a"ts Veeuolization and homogenization of the ceils, d. Shrinkage of a hötr.ogenixed 
ganglion cell vsith. dilatation o$ the pericejjular spcce at the jeft^ The tissH®;h_qs 
been kept, at '37°'''€'• feefore fixation., 
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- Cell   changes ^developed within. 4$, t© 72 hours .offer decapitation. Ischämie •-'•' 
neuronal   disease (a) and homogen! sation (b) of pyramidal ceils«   hsmogejissotlon 
©f a Furkinj;» cell (c), and farther degeneration of partly vöcuolixed cells of the. " " '__ 
breln stem (d). The tissue has been kept at 37°  T- before fixation'. 

also when death occurred after ä critical oxygen     integration;  the  lighter ones,  to the ünstaified 
deficiency up to about 10 minutes' duration. In     tracts». Toward the apical dendrite, the remuahts 
such cases the increase Of oxygen deficiency up "      ' '"","1       '  "'" 
to this degree was always very steep; the type 
of oxygen deficiency was irrelevant» If oxygen 
deficiency, after a similar steep increase, 
lasted about 20 minutes* swelling associated 
with tigrolysis, likewise develop.edu As a rule, 
this swelling was not a$ complete as in the 
other cases. Figure $)a shows ceils which had 
been fixed 3 hours after death. The cell body 
has a rather flaky appearance. The darker parts 
correspond  to the Nissl  bodies undergoing dis- 

öf some Nissl -bodies are visible. The perif. 
of the ceil body is transparent, yet without 
yacuöies. The nuclei are but little decreased in 
size. After 12 hours, the eefl bodystillhatd the 
same flaky appearance (figure 9b). The' nuclei 
had not changed much either. 

If Qxy/gen deficiency lasted lpng>r than about 
30 minutes, shortly after death the. swelling 
could hardly be found. In fact, one had fchfe im- 
pression that there wece even a mild shrinkage 
and   pyknpmorphia' (Nissl  (24   3).).  !h most cell's 
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FIGURE i5 

Pyramidal cells with ' .incrustation of the "Goigi nets" 
jixed 48 <(o) and 72 ;(p) hours after, decapitation. The 
tissue 'hos been kept at.379 -G. before fixation. 

Si^ST Y <^ eha^^ duriag the „12 hours 
af^deafh. In ^tker% ihpsf-ly ,t;h;e snrwi-«teaöi- 
da| ce[ls, a; certain degree of tig^lysis had de^ 
Jjlfiped^-*ift «y structure of the protoplasm, 
fm*e*t 10a and; 10b ornate from, sue*"a case 
*fi which fixation, was made 12. hours, after death. 
Only- in few cells, like those of the pallidum, 
was theNissl structure more distinct* Most cells 

of the t"al^Hi^^^oj^d^^n^ncj;e.as.ed^de-gFee~o4"- 
*pyknomrör.phik;   fheir  nuclei'  were   usually   dark 
and reduced in si^ee 

The longer the* duration of oxygen deficiency, 
the smaller the' number of changes in the cells, 
Mth a duration 'oi abo\it: 60 minutes the cell pic- 
tures  in the brain sections fixed after 30   min- 
utes  did not differ from the equivalent pictures 
shown in figure 1„. Neither did the cells change 
when the brain sections were kept unfixed in the 
incubator at 379 C« for 12 hours« Figures  ll-a to 
lid give some examples of such cells. Figure 
lib shows that even the presence of a few pu" 
trefaetive   bacteria does not influence the cell 
structure.   Only  when  the   bacteria occurred in 
larger   numbers   did  the   cell   structure   become 
blurred;   and the cell"body a"nd nucleus stained 
darker,    showing   4   dirty,   greyish-blue   tinge, 
Which differed somewhat from that in pyknpmor- 
p'hia  or in beginning homogenization. This may 
be    called    pseudo-hömogenization.    Even    the 
small cells of the sect   d cortical layer showed 
no  pathological ehängesö Nor did they undergo 
any  noticeable  alteration     w;hen the  brain  was 
kept in a saline solution at the same temperature 
for   18   hours   (figures   12a and   12b)«   After  48 
hours   in the incubator, the cells showed some 
decrease   in   stainabiHty.   They  looked  a  little 
paler;  their structure, however, was principally 
unchanged  (figure   1^3), if the brain was left in 
the solution tor a still longer time, the paleness 
of the cells, especially in the cortex, increased;, 
whereas  the smaller cells  of the thalamus, for 
instance,,   stained   darker,:   showing   a   blurred 
marking   of  their fine?gr.anular NissI   structure. 

In a few of these cases of sübacute hypoxia, 
a small focus was found in which the cells had 
undergone   the  same  postmortem  changes äs in 
decapitated   animals.   Since   we  interpret  these 
local  softenings  as  a  secondary effect of gen- 
eralized  hypoxia  w;hich is  due  to  a local dis- 
tur.bance  of vascular; functions or to gas ernbo- 
lism, we do not want to discusis them In ;greajer • 
detail,   We   sie   interested   only  in  thet prijiiary 
effect  of generalized oxygen deficiency on the 
ganglion cells, 

IV• Summary of experimental findings 

In all cases in which the brains,, within ä 
period ranging from seconds to about 10 min- 
utes, passed from, the state of normal oxygen 
supply through a phase of severe oxygen defiU 
ciency into a stare of anoxia, severe rergr^s^siye 
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change 

F.iGURE 7 

Shadov» of o ganglion cell which has been fixed 48 
hosrs after decapitation. 'The tissue has been 'kept at, 
'37° C 

FIGURE 8 

•Sw«l!en, s&m«S©€hj©ir.e ganglion cell of the. meduljä 
*M©ngata of a cat 12 tioun after decapitation. The'tissue 
has been kept, at 37°* C, 
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developed, in the cells, of the unfired 
t 3?° C* These change« started 

Witjra^fmple^^ 
which may appear as early us 30 minutes after 
death» In the following 3 to 6 hours two types 
of changes developed» One was ä hompgeniza- 
tien process: with further disintegration of the 
jSJissl structure, the ceils were subjected to co- 
agulation which finally led to ischemic changes 
of the ganglion cells associated With pyknosisi 
the second type of changes consisted in ä Vac« 
uplizätion process Which could affect the entire 
cell* In this case the cell acquired a foamy 
structure and in the end disintegrated com- 
pletely or almost entirely so» As a rule, both 
processes were combined in one cell» Thus, for 
instance, the vacuoies developed usually in 
the periphery of the cell body, wnereas the 
mass of the cytoplasm became homogeneous, At 
any time one Could observe signs of: shrinking 
cells» The protoplasm of the shrunken cell had 
a fine granular consistency, no longer revealing 
any traces of the Nissl structure. After the un- 
fixed tissue had been kept at ,37'*'•" Q« f°r 4'8, 
hours,   true incrustatiqns of the ganglion ceils 

•were •observed^'';, VJW        -V-Vf '.    ":"-~~" 
When death was preceded by a hypoxic phase 

of about 20- minutes' duration, initial swelling, 
though generally of a mild degree, likewise de- 
veloped» It was. succeeded by a hpmogenization 

•process frequently associated with irregular 
transparencies in the prptoplasm, which then 
developed a flaky appearance. Formation of 
larger väcuöles had stopped almost completely. 
The entire process developed Within the first '3 
hours, progressing but little over a period of 12 
hours» "'    ,^ 

When the hypoxic phase lasted about 3Ö to 60 
mir- 'tes;, there existed, generally, from: the very 
beginning, a certain p^kuömorphia, as well äs 
mild shrinkage» For as long as 12 hours the ceiÜ 
pictu?e changed but little» Tigrply.si-s was oc- 
casionally more pronounced in the smaller py? 
ramidal ceils,, Whose protoplasm then developed 
a flaky structure» 

Following a hypoxia lasting longer than about 
60 minutesj the cells retained a structure corres- 
ponding to the equivalent picture for 30 minutes 

Jto 1,2, and 18.hours after,- deiaih» @aly> occasion- 
ally did one of the large pyrainidä,! cells, show 
moderate shrinkage or mild, sweiling» Even aijter 
48 hpufs, the structure of the cells was main- 
tained relatively Well» The Nissl bodies showfed 
merely   ä  weaker response  to  staidihg» '%MC'h 
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gave the cells a pale appearance. In general, 
the nuclei were only a little smaller than before, 

_aäd„daritehed-but.JUit^ 
putrefactive bacteria appeared in the vicinity of 
the cells, the ceil structure was at first hot af- 
fectedo   Only   with   stronger  infiltration of   thr> 
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Pyramids!! eelSs. of o cot.' exposed t©. sev »re hypexia for 
10 minutes, a, Swollen ganglion ceOs fixed 3 Hours after. 
death, to, 'GsKgfS'&r c'aäi'a with sweiäirag; <i«<J flaky homo- 
ganizotfi m fixed' 12 hours -after' death. The tissue- has 
bees'. lk>pt .ai 57° C* * -!..-. 
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Pyramidal cells, of a cat exposed to severe/ hypesxi'a for 
35 minutes, e, Shrinkage of .a ganglion cell Mot all Hiss! 
bodies disappeared* 'ht Shrinkage and flaky homogenize 
Sifon of smaller pyramidal' cells. The dsB^ri*<ss, are 'trace«' 
.able over.-a longer .distance.;The ,tissue .has äbe©n,:kep,f at 
37°   C. and fixed 12 howrs after death,..'.'    , ,      >  -. 
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Ganghon eel!« «i t cot which has oe«n exposed' to 
savorfe hypexia las' 3' hours, a, f .yrömäd«!' SÄÜ of the cor- 

•i<ax} kt eel! of the thaldmus fixed 18 hoars alter death. 
The tissue hes been kept at 37° '.C. 

Sntdior pyramidal celi of the same cat as in figure 12, 
fiiced 48 hours after death» The unfixed tissue hes been 
kept h* %j6 C. 

bacteria did the protoplasm of the ceils, become 
dirty arid blurred, and the nuclei smaller and 
darker (pseiido-homogenization), 

HUMAH CASES 

We examined a total of 45 brains of adults 
who had not died of an Interäai disease» In $0 
cases death had occurred instantaneously or 
after a few- minutes because of bleeding,, suffo- 
cation,, severe body trauma, or acute heart 
failure,, In 4 easels death had followed an 
a;gony of 30 tö 40. miiiutes? duration, being 
caused by bleeding, or injurys to lungs and hear«: 
in case of trauma? For II cases the agony had 
lasted more than 1 hour;, though never longer 
than about 6 to 7 hours» Two cases showed an 
unidentified traumatic edema o f the larynx which 
led to slowly progressive suffqeadpn, $he 
others died of slow carbon monoxide poisoning,, 
subacute alcoholic intoxication, increasing, 
pulmonary edema with cardiac insufficiency f.Ql- 
lowihg; acute; burns, and the consequences of 
bodily Injuries,  > .,r ... , 

All brains were fixed in formaldehyde, A.s far 
as possible w;e ex^ämined,in, e,a^ case;* section-? 
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from various parts of the brain» After preliminary 
alcohol treatment;, the blocks were embedded in 
eeHoidin or pariodionv Gresyl violet or fchionxne 
were used for staining the ;gangHori cells» 

11.  Findings, 
In  the  30 cases of acute  death, the finding^ 

were  much the same.  Shrinkage and väcuoliza- 
tion of the cells were the most frequent occur- 
rence»   In  contrast  to  the  early., localized  pic- 
tures of shrinkage described in cats, a general? 
iz.ed   cellular  shrinkage  wa s   found  in  the  hu- 
man   brains.     In  the  cortex  they   involved the 
karyochrome  cell types, the small and medium? 
sized   pyramidal   cells (figure   14a)»     The deh- 
drites,    especially   the   apical   dendrite,   were 
visible   to   a  great  extent  and frequently  were 
Buried    spira-1-Hke   (figure    14b).       The   larger 
cell   types  occasionally   showed traces  öf the 
Nissl structure» Mostly, however, ttie protoplasm 
was  dark, homogeneous,, or contained very fine 
vaeuoiese The nuclei were small and stained so 
deeply that they often could not be distinguished 
from   the   Cell   body»   Vaeuojization   waä  found 
first   of  all in  the  small  ganglion, cells of the 
second and fourth layers'» The picture.designated 
by   Nissl  as  Wass.erpe.raehtier.ung   was very fre- 
quently encountered» The shrunken nucleus was 
surrounded   by   a   halo   whose   outer  limit   was 
formed  by a rip-01 homogeneous-looking proto- 
plasm»  The cell} as a rule, was markedly swoi? 
Ie-,  Phases of this alteration are demonstrated 
in   figures   15a  and   1.5'b,  The  larger  pyramidal 
cells  could likewise undergo vacuo'ization,  as 
shown  in figure   1.5co  Shrinkage  could  predomi- 
nate in one case; vacuoiizätipn,. iii the other» In 
general    both processes were intermingled» One 
could  even observe  shrinkage öf the cell body 
and vaCuolizatioh of the dendrite in one and the 
same cell (figure 14b)» Other cell types showed 
'swelling'   associated with  tigro lysis  around the 
large,   paie nucleus»  In the cellular periphery, 
traces  of the Nissl bodies could /hen  still  be 
visible.   The least obvious changes were seen 
as   a rule in the giant pyramidal cells and the 
large   motor   cells   in   the  deeper  parts   of  the 
brain   stem»   The   Nissl   bodies   were   generally 
easily detectable,, because the unstained...tracts 
were    sometimes'   broadened. „Some-.; speCjirffens 
sh'äwedt  a. distinct tigrölly/sis  qi, Shrinkage,», In. 
some   cases, homogenization. gf the. cell body 
with shrinkage of the nucleus was promineint. In 
addition1, there were pictures involving a rather 

structure  of  the  protoplasm,, as. seen  in 

—     . , *  . 
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figure 9„ In all these cases the time interval be» 
tween   death   and  fixation of the  brain varied 

we   did not find any relationship between the 
Severity  of the  changes  and the Span of time 
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FIGURE 14   _. - J~ 
Shrinkage attä homaü^oiTc^iiin .combined \y »*h vcscuoii- 

zation of human gofigSion ceils in a cose of acut«; suffo- 
cation. Fixation ©f the örosn' ,18, hours after, deatfb..,,, ,v,. 

v^"S; 

W- f&±--.  v^;. Mi-* " 

«gfe «'*.* -~^r ^i -*r 
'• iW — JT.'if •>Wr .***! 

JT"1 W w^ K» T5f5-1lS." "i5'"^;"'f^n'Wr~'??'^"^ "!."'  • 

.«S-':-.%^ 



.my^Mi.^y *^«*».r-ftf^'-^jyw^iitfWM»»;, 

PROJECT NÜMÖER:21-23-0ö4," REPÖkT-NUMBER 1 

k,^--'<-T-Ü 

u^xr 

roam» 

.jap _-.-.,. i 

o*;i"->* " 

, it***. ':  , 

Uff 

:0 
*& 

fc 

mSife' 

.,• "'• m 

•••;... 

sfcss.,  

'••   Säf; ".-«io.. 

= ..:- 

3    ^ *; ^i';-.--.v:-v.,<j 

9i'-^A 

U 

•,1>V*.*' 

««®R5 

& V*; 

^.:Ä- 

F?GURE 15 

Different types ©f vasuoiizettoss of human gangllton 
ceüs in a fgfferent ease of ccuts suffocation horn that 5n 
figure 14. Fixation of the broin 20 hours «fte? death. 

elapsing until the tissue was fixed,. According 
to  what we know from the experiments, the dit* 
ferehce in the duration of the.premortai hyppxia 
and the difference in the rate of cooling decide 
the  prevalence of the one or the other type of 
ceM  change. Naturally,, both factors cannot be 
determined accurately in human material. Alsp? 

the nutritive state of the cell at the instant of 
sudden  death is most probably of some impo .i 
tance to.the type of change which then devel« 
ops. On the whole, however, it is no great con» 
cefn whether vacuoliza tion, homogenizacion, or 
shrinkage dominates the picture, since all these, 
changes  are def£ni^-:!v  of the regressive typei 

These   cnanges  differed  noticeably  from  the 
findings  we made in those cases in which, the 
hypoxia   lasted   about   30   minutes   and   longer«, 
x7igures 16a and 1'6'b show cells of such ä case. 
They are very similar to the ganglion: cells of a 
cat which had been exgosed to, severe hypoxia 
for 30 minutes (figure 10)» Practically all cells 
showed,   as   ä  rule,   mild   shrinkage   and   well- 
defined dendritese In most of such cas.es it w,as 
hard to decide whether, to designate this picture 
as  shrinkage or as pyknpmorphia, the rnqrie:. s.o 
since the Nissl structure was present in many 

"of the heavily stained ceils. In other cells of 
the   same   size,   however,   a Certain   degree  of 
ihomogenizatipn    already    existed*    The   nuclei 
were usually small and dark, Vacuplization was 
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practically absent* even in the small cells of 
the second cortical layer. The giant pyramidal 

.cells -; and .he ..large" "somatrc-b.roores "of" the 
deeper bräta stem primarily showed shrinkage 
combined with a varying degree of tigrolysis. 

In the cases in which death followed an 
agonal hypoxia lasting not less than 1 nor 
longer than 6 or 7 hours, We fouqd sometimes 
«small', locally confined necrotic foci, which will 
be disregarded in this papers The great majority 
of the cells showed neither vacuolizatioh nor 
hpmogenizadon, neither shrinkage nor swelling» 
In all somatochromes the Nissl bodies were well 
formed;; in the smaller cytochromes tiiey had a 
dustlike structure« The nuclei were usually 
large and light, having a well-marked nucleplus 
and a delicate linin structure; sometimes they 
were slightly reduced in size and somewhat 
darker» In the larger pyramidal cells we ob- 
served occasionally that the Nissl bodies were 
separated a little more than Usual by broadening 
pf the unstained 'protoplasm tracts between them 
(figures 17'a and 17-b). Other cells were pyknO- 
morphicB The cases showed hardly any, differ« 
ence in the behavior of the cells,,, although the 
time interval "between death and fixation of the 
brain varied greatly, being 35 hours in one case, 
and the cooling of the corpse probably had been 
retarded in some cases» 

til,. Summary- of the findings 

la all cases without previous internal di- 
sease, in which death had occurred instantane- 
ously or. alter a few minutes, apd in which the 
time interval between death and fixation was 
not shortei than 8 hours, We found generalized 
changes in the ganglion cells, i»e«, väeuoliZä- 
t-iön, and hompgenizätion processes combined 
with shrinkage of varying degree» All the nuclei 
were shrunken and däjrk» 

All cases in which death had occurred after 
an agonal hypoxia of about 30 minutes or longer, 
showed pyknomorphic cells or moderate shrink- 
age combined with beginning, hoir.ogeriization« 
The nuclei generally had undergone moderate 
shrinkage». 

If death had been/ preceded by an ägönaji hyp 
pokia of a duration ranging between at least 1 
hour and 6 to 7 hours, the majority of the cells 
showed clear marking of the Nissl structure; 
there was neither shrinkage nor swelling» The 
nuclei were in general large and light; revealing 
a well-marked hucieohts and dedicate linin struc- 
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.    FIGURE 16 

Ganglion cells of a« individual who died after a sever©- 
hypoxia lasting for about 30 snirsutes (trauma), a,. Flaky 
hömageniKation and dendrites traceable over a longer dis- 
iaiic®. h, Two smaller pyramidal! cells still shew »erne 
Nissl substance. Fixation of the brain 24 hours öfter 
death. 
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F8GURE t7 

GangSien ce'lS's ©f an Snji.yiduci! wh© di«^ oft©? c severe 
hvp«xSo lasting for aeewt fö Steurs (trsume). Fikcrtien ©f 
>hs brain 24 hswrs offer death. 

ture, or they were darkened but slightly, be- 
sides, we found pyknomorphia and separation of 
the Niss? bodies by slightly enlarged unstained 
protoplasm tracts., These pictures were observed 
even if the time span between death and fixation 
had been approximately 35 hoursi 

U 
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DISCUSSION 
^h_g_^ind.in g.s_J.h•;th;e•vCä t s ^are-«t.n—esis en tia-3- 

agreernent with those of man« Both series ör 
investigations accentuate the primary importance 
of the duration 'of the severe hyppxiä which pre- 
cedes the anoxia of death.   . 

The findings'established in those individuals 
who died within & few minutes represent; so to 
speakj a snapshot from the film strip of äpro- 
gressive disintegration process, whose time 
pattern could be observed more accurately in 
the catso We shall not discuss in detail the 
nature of the various cytopathological pictures; 
it is sufficient for us to know that their devel? 
opment after death is the absolute rule, They 
are liable to be disposed of as "ppstmortal" or 
"aütolytic" decomposition, which often pre- 
sents an unpleasant secondary phenomenoh to 
the histopathpiogist evaluating a histologicai 
preparation« 

üver since the first classification of patho- 
logical changes in ganglion cells was made, it 
has been known that, postmortally, the cells 
may undergo shrinkage and liquefaction proc- 
esses associated with vacuolizatipn, which 
greatly resemble the pictures of intravitajl cell 
disintegration. Even true karyorrhexis may de- 
velop post mortem, as has been found by 
Schmaus and Albrecht (7)0 Each textbook there- 
fore cautions the reader against the misinter- 
pretation of such postmortem alteration,(cf. Weil 
(8); figure 14)o On the other hand, we know that 
only a few hours after embolism distinct symp- 
toms pf disintegration develop, in the focus and 
that the same holds for tissues excised from the 
organ» In the former case one speaks generally 
of necrosis or nee ro bio sis; in the 'latter, of äü? 
tojysis« Gould it possibly make any essential 
difference to the cell whose metabolism sudden- 
ly enters the anoxic state, whether this state 
is brought about by an embolism, by the cut of 
a knife, or by the failure of ijie central.,cireuijg-, 
tory organ? It is our opinion that .fherg; is: npvdif? 
ference whatsoever, and that itjb.e disintegration 
phenomena developing in the cell fere.^pringj* 
pally the same in all three cases, If the_ »cpem% 
piex of changes developing immediately after 
local vascular occlusion is pgjled necrobiqsis^, 
there is no reason why this term should not Jje 
applied also to changes following acute cardiac 
standstill, a? suggested fey Rpsenthal (g)„ &igr 

Ures i8a and 18b demonstrate the ceMs. of a §? 
hour-old embolic 'softening ^hich had.h,eäen ||xed 
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20 hours after death», Most of the ceils show 
höEsogenisätion and vacuolizaticn. It was im» 
poss!J*!ei---fQT--.us\-so—-di6£iB.guishr—thfirsDr-franj—t-hez 
changes of corresponding stages in our cases 
of acute death, so great is the similarity of the 
morphological reactions« This similarity applies 
&veh to the postmortem development of the so* 
called incrustations of the öolgi apparatus, 
whicli are still 'believed to be especially typical 
of necrobiesis of irttra vital origin. More accu- 
rately, these changes develop with special reg- 
ularity in the marginal sections of the foci of 
intravita) origii., where a certain exchange of 
fluid with the blood».perfused adjacent area is 
still possible» In the brains of our cases kept 
in saline solution we observed these changes 
first in the cortical sections which were in 
direct contact With the solution» To give these 
facts due consideration and to avoid the terms 
of posi—..offal alteration or autolysist Which in 
pathology have acquired a flavor of factitious- 
ness, it appears reasonable to apply the term 
mofpbotropic mortal necrobiosis also to ganglion 
cell changes after acute death« 

Consequently, it is not triie$ as .has been gen-; 
erally assumed (also by Nissl (2, 3,5).». that the 
state in Which ganglion cells appear immediate- 
ly after death can long, be retainers As has been 
shown clearly by our experiments, this, holds 
true only for those eases in Which death has 
been preceded by a severe hyposia for at least 
1 hour» In such cases not even the cell struc- 
tures changed, provided the unfixed brain had 
beenjcept in a sterile saline solution at 37° G« 
for IB houfSt With prolonged' duration of such 
treatment there occurred gradual changes in the 
stainabiluy but no essential alterations in the 
structural' pattern» Naturally, in the end, these 
cells too will disintegrate somehow» This, how? 
eve;,,, occurs long after the postmortem phase 
which is of practical importance to the patholo^ 
gist» . \ 

We assume that at the instant of the indivi- 
dual's death these cells, as individual elements,, 
Still possess a v,ertain vital function which 
vanishes gradually without conceivable morpho- 
logical criteria» In other words, we believe that 
the observed changes likewise represent a nec- 
robipsis which* in contrast to the one discussed 
before, is at first npt acGOffipäfiiea by n otic en- 
able structural changes» Analogous to our state- 
ments in regard to the astrocytes, the term 
morpboslatic  mortal necrobiosis  can.b^ applied 
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in the present connection as well» Whenever a 
new term is introduced, one has to make .sure, 
that-it-is • actually, :a^sssar.^^iidr^eiuj5tEEfairdV-" 
moreover, that it helps to clear up äniatricate 
problem» The qbjection may be.raised,, therefore,, 
chat for such cell pictures as are illustrated In 
figures 1,1a to lid, Nissl has already coined the 
term . equivalent   pjfcture»    In;   this    connection 
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Ganglion  ceils from on emodk softening, the embo- 
lism Occurred 5 hours prior to dsoih, Hemtagenisctten (e) 
asd   vacuoiizafion •(b),   Fixattpa of th« brain 20 hoars 
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Spielmeyer (4)» in the introduction tö his book, 

conditions: identical pictures are obtained frpsii 
normal tissue preparations, they may be re- 
jarded as equivalent to living tissue; all devia- 
tions from this equivalent preparation, can be 
interpreted as pathological." In our o.pinion this 
conception is not quite correct« According so our 
present experience, a cell picture equivalent to 
that in the living tissue can be obtained only 
when the tissue is fixed during its normal ac- 
tivity,! If in ä case of instantaneous deäth?~i<,e», 
in virtually ''normal'' material—only a very short 
time is allowed to pass prior to fixation we will 
observe, instead of the equivalent picture, a- 
beginning morphotropie necrpbiosis, which 
undergoes progressive changes as the time in- 
terval between death and fixation is prolonged-, 
Only when,the tissue had been subjected to the 
pathological state pi severe hypöxia for about 
an hour or longer prior.tb death did we find a 
picture which showed much greater similarity 
to the actual equivalent picture. Disregarding 
this similarity, t^is means that we have to deal 
with a mptpholpgical .reaction during the anoxia 
of death,, which is typical of a.'. Certain abnormal 
state of the cell during its life (subacute hy- 
pöxia)^ in p.ther words, we have obtained ä 
"positive'' finding, f e therefore believe we are 
justified in designating this reaction as morpbo- 
static mortal ?:&^/t°*%sf*»,*'^Ye high statistical 
frequency of this ''pseudo-equivalent .picture" 
of the cells in human autopsy material obviously 
induced1" Spielmeyer ||) M,'%a'Ke the above state- 
ment, and is probably due to the fact that in 
many cases death follows only after prolonged 
ägonäl hypöxia,, 

Wien we attempt to make a morphological 
classification pf .a,. .principally homogeneous 
process, into distinct groups we naturally find 
that transitory stages .exist» Even in the cases 
in which hypoxia „had lasted about 20 minutes 
we observed ^a .ngticeajple, decxease. in.the inci- 
dence of väcuolizatipn«/ Moreover, the predomi- 
nant ho.mpgenizatlpn did not proceed so rapidly 
nor sp uniformly as. in the cases with shorter 
duration of the hypöxia. The cytoplasm, there? 
fore, had a somewhat flaky appearance (figure 
9b). The cells were in general slightly enlarged, 
HpwAever, since this alteration develops in the 
course of 1:2 hours, Jis seen from[the experiment, 
it may be classified under morphptro.pic hecro- 
biosis.  In contrast hereto, the cases which had 

1* 

been exposed to hypoxia for about 30 to &y:.sun-' 

morphia of the cells as~ well as the pictures of 
moderate shrinkage. Only in part of. the cells 
did a moderate hOmogenizatipn occur after death« 
On the w:hole, , however, the entire, picture 
changes but little within 12 hpurs at 37° C» 
This consequently represents a transitory stage 
between the two types of necrosis. It is worth 
while mentioning that :pyknom.orphia and shrink-: 
age had already developed,.tp.ward the end p;f 
hypoxia:, and that in the cases with longer dura- 
tion of bypoxia-vue,, with the same stress on 
the cell-these changes subsided again when 
fixation was done immediately after death. Thus, 
they appear to be .reversible when the cell.is 
still under the same stress, Might this jossibly 
be a morphological correlative to the process of 
accommodation known iin altitude physiology, or 
in spprts as "getting, a second wind" Not in- 
frequently are different cell reactions found in 
one /and-'the same brain. This is obviously du'js 
to the fact that the circulation during ägpnal 
hypoxia varies with the different brain sections, 
especially so in the presence of Ahtracfänial 
pressure» 

It should be mentioned also that ;npt all 
types of nerve cells respond equally' fast to 
ä sudden onset of anoxia. Among the cells 
in 'man, the giant pyramidal cells, the cells 
of the pallidum and s.u'bs,tän.tia nigra, and; 
the somatöohrome cells of the pons and me- 
d.u'11-n. show especially long resistance^ In 
the cat such endurance is shoWn as a rule» 

by    the    last-mentioned    spmatochromes, 
whereas the giant pyramidal cells change rela- 
tively fast. In cases of morpliostatie neefpbio- 
sis, on the contrary, these cells occasionally 
showed pronounced pyknpmörphiä. This Caused: 
the impression tnat they were lagging behind 
the cortical cells äs far as their reaction is coii- 
cernedo In such cases the large cglls in the sub- 
stantiä reticularis of the medulla spmetimfes 
showed a picture similar to the fresh retrograde; 
cellular alteration, associated with a displace- 
ment of the nucleus toward the cell wall. This 
probably represents a preliminary stage of 
changes Which Buechiier and Luft (10, II,. 12) 
found in the respective brain sections of guinea 
pigs exposed to prolonged hypöxia, and which 
might be connected with the overburdening of 
respiration and dardiac activity. The cells pf 
the     vegetative    nuclei    of    the   hyp oth a lam us 
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showed, in our cases; of acute death, no nptice- 
-abler-diff erence sr-f ro m~ the—büikr-o f—the—cp rtical- 
cellso (The nucleus supraopticus and the nucle- 
us paraventficularis proved especially resistant 
tö temporary hyp.oxla as shown by the experi- 
meats of Grenell and Kabat (i$)0 

The findings oü morphotrppie necrobipsls, as 
reported above, are similar to the changes in 
the .ganglion cells described bv Lewis and 
Haymaker i(14) in cases of high altitude death« 
In some of the cases described by the aböve- 
named authors, death had occurred within a few 
minutes; they found these changes in about half 
of their 58 cases. As to their statement, "It is 
of interest that the ganglion cell changes de- 
scribed could have occurred in so short a time,'' 
we can now say that these changes must have 
developed during the anoxia of death, i.e., post 
mortem, and not within the few minutes of in- 
creasing hypoxia, Cämerer (.15), performing au- 
tolytic experiments ön human brains, found the7 

same cell changes as we did in cases of a^ute 
death. In thxee^fif ths of his 52 cases, death aad 
occurred instantaneously or within a few min" 
utes. He concluded that the pictures of ischemic 
cell changes are the* regular end products of 
each '"autolysiSi" Unless alt of his cases had 
.involved acute death after all, the only possible 
reason for his conclusion is, as he reported him* 
self, a strong infiltration of bacteria in the brain 
sections he studied., Under the influence of a 
marked proliferation of bacteria, we top found a 
kind of pseude-hoffiogenizatioö. The high fre- 
quency of shrinkage in "the pictures in his mate- 
rial might be explained by the fact that his 
brain sections were very smalt and, therefore 
in the unfixed state, easily bruised—the more 
so* since he used scissors for the excision. In 
describing bur cases,, we mentioned briefly the 
incidence of shrinkage on account of pressure 
acting upon the unfixed tissue, äs pointed out 
by Scharrer 66). 

On the other hand,in reports on altitude cham- 
ber experiments with subacuEehyppxiafLuft(11),; 
Merk (16), AJtnjaan and Schubothe £1% et al.j, it 
is emphasized that no pathological chäiiges 
could be detected except, in local areas. In many 
cases fixation may have been accomplished too 
soon for changes to develop. Altmann and 
Schubpfhe (1) waited about two hours until they 
fixed the tissue; within this time some change 
should have appeared in cases of aput.». 4££$&> 
The' i.uca.i lpsäes öf ceiis SüU ?>fpsii softenings 
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they described are in our opinion a, secondary 
- effect ^öf—hyppÄ-i-ay • Cä-used—by- :1c c^Ir-functional 
disturbances of vessels or by nitrogen emboli, 
as described recently by Haymaker and Davison 
(17) in decompression deaths. This absence of 
widespread cell, changes is now -likewise com- 
preheäsihle, and can no longer be interpreted 
as a "negative" finding. 

Occasionally, one can observe a mörphötropic 
necrobiosis of intravital origin within a morpbo- 
trppic mortal necrobiosis. We examined one 
case, for instance, in which a head trauma had 
caused a local morphptropic necrosis« The vic- 
tim survived the accident for 12, hou^s». Although 
respiration and circulation were in relatively 
good condition, he died very suddenly of respir- 
atory paralysis. In the ihistologiCal examination 
it was rather difficult to define the limit be- 
tween the focus and its vicinity, since the 
Changes observed in the focus were the same 
.as,,, though less pronounced than, those found 
throughout, the brain« Also, the «stro'cyfces 
showed generalized clasmatodendrosis. 

In this epnditiprt. the question arises whether 
In such fresh local anpxic, areas the necfobiptic 
disißtegratipn   of  cells  continues  after death. 
After  ail, we- cannot see any reason why this 
process in a local .anpxic area should pe inter- 
rupted  by the superimposed anoxia of death,. It 
will be merely retarded by the fall in brain tem- 
perature.. Therefore we. believe, that. the. changes 
in the'before-mentioned em bo lie softening were 
not 5 hours old, but 25 hours.. They, would ha,ve 
been  even more pronounced had the  brain re?, 
tained   its  temperature  until fixation.  Further* 
more,  we are convinced that there is  not only 
a   morphostatic   mortal    neGrobiosis   but   also 
a   local   morphostatic   .»ne  of ihtravital   originu 
To   this   combination  of changes prpbably be- 
long   some  of  the  cases of  apoplexy  withpnt 
pathological    findings    whic„h. have   hefn>  cb-, 
served   frpm time !cq  ii%e»r We  exaaiined  suchi 
a case in which a strpke had peCurred a„shpr|, 
time before death» The autopsy showed thrpjn- 
botic   occlusipn, of   an   arteripsclerotic,  artery 
in   the   aifected   brain   section.  Histqlpgically., 
.however,   no   definite   clianges   were   found   in 
the  ganglion cells« In the^ affected areas th,er% 
was observed a marked capillary, stasis wJiich 
was not present in. the other pacts; of the brain.. 
W;e     are   inclined   to  iQtej-pret,  this  finding, as 
a   mptphostatic   thrombpiic  necrosis;r duel, to, a 

increasing  occiusscn   o*.   ».ne" vessel.* 
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From out cpnCe.pt we may even, make the follow- 
ing conclusion: if such a morphostatic focus 
had developed, in a brain shortly before_gjn jac.ute_ 
S"eaTtlipwe^'ou»i'3r"fi'fi3'"the* paradoxical picture in 
which the cells, within the focus are unchanged, 
and' tbose outside the focus show signs of dis- 
integrations, 

From all öf this we learn that it is not gen? 
eraily appropriate to fix the brain äs early äs 
possible when acute circulatory disturbances 
occurred shortly before dieath» in case death 
followed ä sufficiently long agony, the contrast 
between the focus and adjacent tissue becomes 
even greater when fixation is postponed for some 
tiijie« ,|n case of acute death- it is advisable io 
fix the tissue as soon as -possible in order to 
prevent a mörphofropic change of the cells in 
the vicinity of the focus, and,, consequently;, a 
blurring of the focal limits» In cases in which 
fresh tissue changes are anticipated^ the type 
of death has to be considered more carefully 
than has been done previously» 
-^How can we-explain the fact that extremely 

Asevere changes in the cell structure occur after 
ä sudden onset of general or local circulatory 

" arrest, whereas th;ey appear more and more sel- 
dom äs the duration of a premonal hypoxia is 
increased? Obviously, this, difference is based 
on biochemical processes« in cats that had 
breathed nitrogen for 2 to 3 minutes and had 
shown no-el^Gtroeneepha:lpg,rap;hic.,respons.e for 
20 to SO seconds, Stpne and" collaborators (23) 
found an increase in lactic acid and inorganic 
phosphate combined with a deciease in phos- 
phöcreätine, whereas pyrpphosphate and hexose 

.phosphates had not yet changed» Following in* 
stantaneous death, the freely fermentable sugar» 
in the body-warm animal brain is broken down 
within the first $. _minutes, a great part of the 
glycogen within 15 minutes, The lactic acid 
production increases rapidly to its maxi'- 
mum within 25 to 30 minutes».(Jungmann and 
Kimmelstiel ;('18),M.cGintyand Gesell(I9), et *L). 
Abput 30 minutes after such deaths the phos- 
phpcieatine is hydrolyzcd and part of the ädeno? 
sine triphosphäte broken down (20). Weil (8) c°r" 
rectjy* referred to this "explosive change of the 
•ee.ll.uiar- ihetäiholism,;' concluding therefrom 

that such chejnicäi changes must result in 
l&icäl' changes of the structural make-up of ä 

•eeij,r?">'*-%e beiifeve; thai ail the chan,g"es which w,e 
described: in' case's of sudden death are morpho- 
logically   related to these  chemical  processes. 

-2fr: 
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.being.caused primarily hy thefaqt jth^t ugon.cir- 
fC^latory .standstill,, the . decomposition ,ps;pd>5St& 

.«j^-.e^.eftJiying^.n~»od^^ 
.ticularly interesting that su,cb. essential .chemi- 
cal, changes occurred after 30 minutes, the,,.same 
time span after wjhich W? fö^nd the first distinct 
sigijs of r swelling,,, When death is. preceded;by a 
critical^ 'hyg^xic 'phase, the brain, öibvipüsly 
capable öf utilizing lactic acid uftdei. normal 
conditions, discharges considerable ^quantities 
of it into/the blood stream. (2.1,. ,22)« "This hap- 
pens even if, .hypoxia lasts rip. longer than 10 fo 
15 minutes» if Heath intervenes in such &• .cir- 
cumstance, part of the iaeticaeid surplus has 
already been,given off by the; brain» (S.ould,this 
possibly be connected with our observation that, 

. after ä similarly short nypoxia,, vacüolizatipn 
Was practically absent and a somewhat' more 
flaky hpmogeni'zation had appeared? We presume 
that this process,, obviously quite complicated 
in detail and certainly not confined to lactic 
acid, will influence the morphological reaction 
of the cells» Lpesehke's studies (22); indicate 
how important the degree, of hypoxia is» Mild 
oxygen deficiency .did got bnnj; äbp^t a _dis; 
charge but an inhfblted utilization of lactic 
acid» It is also important that the oxygen.defi- 
ciency be kepi on a constant level' as soon as 
recovery sets in, the lactic acid promptly re- 
turns to normal, and phosphpereatine is built up 
again .(2^6    ,.     '.   r ", , " '.'.'_...'' 

No relevant data could fee found in the litera- 
ture concerning chemical processes developing 
during a hypoxia lasting 30 to 60 or more min? 
utes» From the mprpnöibgicaii traction, of the 
cells we are inclined tp conclude that with ipro- 
loriged hyooxia the over-all fchemicäi cpndkioo 
pi the cells will change äs well» It may be that 
even the common pattern of cell, :metabplism. will 
change after a certain duration öf hyppxia, It 
seems that this problem"ppens/ug new avenues 
for ä closer cpMaboration betweeri^'bipcheinists 
and histopatholögists, especially so when—aside 
from the NissJ picture, which was adequate for 
the present purpöse-^ne-?' staining, niethpds are 
applied for the morphploiicai analysis, äs was 
done by Roizin (* n 
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Experimental studies, Pn cats, as well as ex? 
aminations *pf human autopsy material,in which. 
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no organic disease had existed) shewed that af- 
ter dearth cfe«?re iis a great variation"ia the iirof- 

. phoiogieal-Jbdh-ai/io'^ 
pesdisg  On the duration of" the severe hypoxia 
preceding death« 

itt. cases .of instantaneous death.- the..ganglion' 
cells undergo changes which are principally the 
same as those in embolie softenings«, They in- 
clude the pictures of homogenizatich with and 
without shrinkage, vacuolizatioh, and "incrus- 
tations of the Gblgi apparatus." When the brain 
is kept at- body temperature, a distinct "simple 
swelling" is noticed 30 minutes after deaths 
Homogenizatioa and vacuolizatipa are we'll pro- 
nounced after 6 hours» This disintegration proc- 
ess  is retarded as the temperature decreases. 

If death was preceded by severe hypoxia last- 
ing about 10 to 15 fiiinutes, vacuollzation hardly 
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ever occurs and homogeaization is incomplete 
and fiioie. flaky ia appearance» if Hypoxia lasted 

~for~a-bout~3'0•sni^ntESrröT~J'oli^^ 
and moderate shrinkage -are found immediately 
after death, and change but little during the 
subsequent hours» - - ~ - ~; 

If hypoxia continued, fp» about GO minutes to 
seyeral hours, the ceils show no noticeable 
changes within, the common time span between 
death and fixation. Their structure corresponds 
in general to the *'equivalent picture," This 
structure^ however, does not represent the equi- 
valent, picture of the living normal cell, but of a 
cell which had been in the pathological state Of 
a severe hypoxia for at least 60 minutes» 

The significance of these findings in relation 
to various neuröpathologicäl problems is.dis- 
cussed» . 

REFERENCES 

1. Akmann, H.W., and H. Schubothe» "Furaktionelle und 
organische. Schaedigungen des ZNS der Katze im 
Unterdruck experiment," Beitr. z, path. Anau tu z. 
allg. Path10JB: 3 (11342). 

2. Nissl,  F.,, "Ueber eine neue Untersuchungsmethode 
des   Zentralorgans," NeurpL  Zentralbl.   15?  947 

J. Nissl, F., "Nervensystem,"Enzyklopaediedermikro' 
äkopiseben Technik, ed. by Krause, 2d" edition," 
Vo;L 2 (19 IQ)., 

4. Spielmeyefj   W.,   Histopatbologie  des  Zenirälnerven* 
sysfetns, Vol. 1, Berlin, 1922. 

5. Glidea, E.F;, and S, Cöbb, "The Effects öf Anaemia 
on the Cerebral Cortex of, the Cat,'' Arch. NeuroL 
:& Psychiat. 23: 876 (1930). 

6. Scharrer,, E., "On Dark and Light Cells in jhe Brain 
and in the Liy/er^'': Anat. "«ec, 72: 53 (1938); 
''Ueber die Ganglienzellschrumpfung im tierischen 
Gehirn," JBeitt. z.- path. Änat. u. z. allgi Path. 
IPO: 13(19J7). 

7; Schämaus, and Albrecht, "Karyonhexis," Vircbows 
Äfish fpaebi Änat; 138 (1895);"Necrose und 
Necrobiose,"  Ergebn.  a\  allgi  Pätböl.  3 (1895)^ 

8. Weil,   A.,   textbook of N.eufopälbolagy. 'New  Yc?k: 
Gruse and Strattojii,1945 •• 

9. Rösenthalj :Sti* "Experimentelle SSudien ueber asaöe? 
-böide Umwandlung der Neürögriä," Nissl>Alzbet° 
mets Arbeiten, Vol. 6« 

10. Buechner, F., and U. Luft, "Hyppxaemische Veraen- 
derungen des Zentralnervensystems im, Experi» 
ment," Bjeiifi z., paib. Anau tu z. allg. Path 
96: 549C1936). 

11. Luft, U., "Irreversible hypoxaemische   Örganveräen- 
deiungen bei alten und jungen Tieren, im Unter- 
drück," Beitr. z. paib. Anau tu z. allg. Pätb. 
99: 351(1937).     =   '              .".-,. 

12. Buechner,   E.,, "Pathology öf General Oiygen Defij 
ciency,'' German Aviation Medicine in World War II. 
Washington: U.S. Government Printing Office. 
I95Ö.. 

13. C -neE,  R.G., and H. Kabat, "Central Nervous Sys» 
tem Resistance. II. Lack pf Correlation Between 
Vascuiarity and Resistance to Cireulatory Arrest 
in Hypöihälamic Nuclei," j. Neüröipätb. & Exper. 
N;euroh 6? 3.5 (.1947). 

14'. Lewis, R.B., and W. Haymaker, "High Altitude Hyr 
ppxia. -Observations at Autopsy in Seyen^-Fiye 
Cases and an Analysis ot the Causes of-the. Hy^ 
pbxia," /. Aviation tiled. 19: 306 (1948). 

.15. Carn^rer, J., "Untersuchungen Ueber, die pöstinörtalen 
Veraenderungen ana ]l^emea^ystemtt/msbpjspiiäeis 
an den Ganglienisellen," Zentralbl. /. 4. ges. 
N'earoL & Psych. 176: 5^6;(1943;). >.-.'- 

Mi 

16. Merk,. R., "Die morphologischen Veräenderungeä das 
Zenüalnervensystems im kurzfristigen 'Unterdrück? 
versuch," Arch. f. Psychiat. 111? 160(1940). 

2,1 

ag'-v.m;a'!5>,?g,5 zF^T- 5p" T -*"" '•• \ :4f%: 

^•.:^.Vtf -^•'JCKTreT"" 

t^% 

rtsnd 

••:-\^-'~ 

*fv 

J^ 



SJ 

WS ^v"  * "^ *3^ 

:r-- 

«; 

•-v....- .-.; 

*-Ä-»i.-4;:., : «h- 

^RÖIECT.NUMBER 2l-23-004t REPO&f NUMBER 1. 

17. Haymaker, W«, and'C. Davison, "Fatali&es Resulting 
from Exposure to Simal&ted High Altitudes in De- 

18. Jung&änn, H., and P. Kimmelseiei, "tJeber den Vs- 
sprungder Mncnsaeare im ÄeßtraineCTensystem," 
BloeSimrZ. 212: 347 (1929). 

l"9i McGMty, D.Ä., and R. GeseÜ, *'Ön the Chesnieäi Reg? 
ulation of Respiration," /4w. ,/. Pbysiol. 75« 70 
(1925k    - ", ".     '    '• 

10. Stone^ W.E., "Acid Soluble Phosphorus Compounds 
«j>E Cerebral  tissue^'   7.   Büth   CBem.   149:   ^fc» 

21. McGinty,, D.A., "The Regular ion of Regplfäiipn. XXV. 
Variations in tfce Lsctic Acid ÄJetäboßSm in tke: 

'22.r:toescaieV''vEö7,\and^GA
_ Loefecfake,,,  "tJebef   d'en 

MilcMaetueaustattsch zmsckis. srterlslfess 'Blat. 
»ft/1   -    H-3B«*i»>«»*aB.*.i».Ä-     fc«_J-- .S 'tr.i'iij"'5'_'/'" •"     "-    it ' -s_—     *J."!:!'6c»*;w«     uuu   ör^iiaÄ^.     v «rmeuucruflgen    lit* 

23, Stone, f ,t., E. Marshall, apd -E. NJiMr 'VGhjmicäl 
^üanges ^n the Brain Produced by Jaiury and bv 
Anöäa,.»4?ab /, Pbfs^f. 107%  /,;>;:-;' . 

24»Röi2ih, Ui: "Histometebolk Chafes Üd Neuro- 
pashelqgic Selectivity in £ighs el Recent inveäti- 
gRt;ÄiSj." /-. Neämpatb. & Eiepe.ü.Namvh 7s'j.jg 

^"^'^V. 

V-*B.      -.~M./'4~*P      -'"-      "•".«fW».' 

22 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026

